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Description 

BACKGROIINO OF THE INVENTION 
FIELD OF THE INVENTION 

This invention relates to heat treatment of * Si sin- 
gle crystal. Mom perttcuUrty, this invention relats* to 
heat treatment of a SI single cryetal for production of a 
Si wafer excellent n oxide Mm dielectric breakdown volt- 
age cnaractinsiic. 

DESCRIPTION OF THE PRIOR ART 

Incrsasingly high integration of semiconductor cir- 
cuits end t)i e attendant miniaturization of their elements 
nave bean urging a growing decrease in thickness of 
insulating oxide films in the gate electrode parte of MOS- 
LSI. Even these thin insulating oxide fUme are required 
to exhibit a high dielectric breakdown voaage during the 
operation of relevant device elements, suffer only a 
smei leak current, and futli their functions with high re- 
liability. 

For the product fan of theee device elements, Si sin- 
gle crystals produced by the Czochraleki method are 
used. The Si single crystals of the Czech ralsJd method 
contain crystal defects owing to the thermal history ex- 
perienced In highly heated portions during the growth of 
crystal. 

When LSI elements are formed with a wafer from a 
Si single crystal containing such crystal defects, the in- 
sutaiing oxide films in the element* offer a problem of 
inferior dielectric breakdown voltage. 

For a given SI wafer to allow production of LSI ele- 
ments in a high yield, it is Important that the Si wafer 
should be free from such defects as to impair the die- 
lectric breakdown voltage characteristic of the oxide 
film. 

These crystal defects are found to be correlated 
with the speed of growth of a crystal; the density of de- 
fects decreases and consequently the dielectric break- 
down voltage characteristic of an oxide film improves in 
accordance as the speed of crystal growth decreases 
From the commercial point of view, the SI single crystals 
producsd with due respect to this correction have a 
problem of poor efficiency on account of a low speed of 
crystal growth. 

This problem will be diecueeed below on the basle 
of the knowledge the inventors acquired during their 
study which led to perfection of this invention. Fig. 4 
shows the density of defects in a wafer taken from a Si 
single crystal produced by the conventional technique 
in relation to the speed of crystal growth. The determi- 
nation of the density of defects was carried out by etch- 
ing a given wafer for 30 minutes In accordance with the 
selective etching method (the method using an etching 
solution consisting of 2 g of KjCrjO* 50 ml of HgO, and 
100 ml of HF, Secco D'Arragona. F, J. Eiectrochem. 
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Soc., 119: 948, 1972) and then taxing count of scale- 
like patterns formed on the etched surface as observed 
under an optical microscope. The density of scaJeHike 
patterns was 20 counts/cm 2 when the speed of crystal 
$ growth was as low as 0.4 mm/min. When me spsed of 
crystal growth exceeded 1 mm/min., however this den- 
sity was as high as 1,0007cm 2 

Wafers of this class were tested for determination 
of the dielectric breakdown voltage characteristic of ox- 
'0 ide film. The determination of the dielectric breakdown 
voltage cha/actenstte of oxide film wae earned out by 
form rig 100 elements in a given Si wafer, selecting out 
as acceptable products the elements whose oxide Alms 
had dielectric breakdown voltages exceeding 8 MV/cm. 
19 For teeting the oxide film dielectric breakdown voltage 
characteristic, gats parts measuring 6 mm 2 In area and 
made or poiy silicon were used. The formation of an ox- 
ide film were carried out at 900*0 for 100 minutee (in an 
atmosphere of dry oxygen). The oxide ffime hod a th»ck- 
*> neesof250A 

The actual results of extermination are illustrated m 
terms of relation between the ratio of acceptable prod- 
ucts (with sufficiently high oxide fUm dieiednc break- 
down voltage) and the density of scale-like patterns. In 
** the case of a Si wafer which registered a high density 
of scale-like patterns of 1,000 counts/cm 2 , the ratio of 
acceptable products because of sufficiently high oxide 
fitn dielectric breakdown voaage was about 40%. When 
the density of scale-like patterns was about 200 counts/ 
*> em* the ratio of acceptable products was 80%. These 
results Indicate that the improvement of the ratio of ac- 
ceptable products of sufficiently high oxide film dielectric 
breakdown voltage requires to decrease the density of 
scale-like patterns appearing during the selective etch- 
as ing. namely to decrease the density of defects 

SUMMARY OF THE INVENTION 

This invention, conceived m the urge to overcome 
40 the drawbacks of the prior art mentioned above aims to 
provide a method which, in a wafer from a SI single crys- 
tal, effects elimination of crystal defects possibly con- 
tained while the Si single crystal is grown at the lowest 
coetwtse acceptable speed. 
46 In accordance with the present invention there is 
provided a method lor heat treatment of a wafer cut out 
of a Si single crystal bar grown by the Czochraie W meth- 
od at a speed of pull exceeding 0.8 mm/min. and not 
higher than 1 6 mm/min. at e temperature in the range 
so ^^S0 ^ C to i2fl0*C for the purpose of obtaining a SI sin- 
gle cryetal wafer with an Improved oxide film dielectric 
breakdown voltage; characterised by: 

determining, in advance, a first correlation between 
ss the oxide film breakdown voltage and the density ol 
seals-like patterns as obtained by selective etching 
of ths wafer, and a second correlation between said 
density ot scale-like patterns and the time period of 
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the heat treatment; and 

host treating tht Si single crystal wafer withm said 
temperature range in an atmosphers of dry oxygen 
for a tima parted of at least 10 minutes, talactad on 
tht basis of said Hral and stcond eorreejtjons such * 
thact tht Si single crystal wafer hat a density of 
ecafe-llke pa&ama not higher man 200 counts/cm 2 
aftar tht htai treatmtrrt, when it raqyirtd to in> 
provt tht oxidt fUm dieiectnc breakdown voitags lo 
not lata than 8MV7cm. to 



EP-A-039Q872 ditcioaaa a ttchniqut for regulating 
tht precipitated interstitial oxygen by ihermaJ traatmant 
at 400'C to 500 9 C in an atmosphere of dry oxygen. 
Higher temperature procaaajng at 1260'C in an atmos- 
phtrt of dry oxygen Is performed at a preeminary step 
for the purpose of Jnttmiizing tht haat history during crys- 
tal growing. The particular object of in* technique ia to 
obtain uniform oxygan or tcipftaton in the crystaJ growth 
diractfon (page 2. lines 34 To 36). 

JP.A-57-2O0293 (Patent Abstracts of Japan, Vol. 7, 
No. 46 (C-153X1T9U 2302.1863) ditclosas haat treat- 
mam at 1150*C to 1250*C in a non-oxidaing atmos- 
phere for 2 hours or longer, aa the seeond step of a 
thrte-pa/t haat treatment The temperatures amploytd 
in this treatment are selected for the purpoaas of an in- 
trinaic gettenng (1G) process of aracon single crystals. 
Tht thermal treatment described rsqulres a first step at 
6WC to 800*C for ten hours or longer in dry oxygan. 
nitrogen or argon, a second step at 1150'C to 1250*C 
for two hours or longer in a norvoxidUiing atmosphere, 
and a third step at 9fl0*C to 1 050*C for one hour or long- 
er in an oxidizing atmosphere. 

GB-A-2080780 disctotes heal treatment for diffus- 
ing out interstitial oxygen aa the first step of a two step 
heat treatment. This two step process in verves a first 
ttep at a temperature above 1100*C (1150*C to 
1 350* C) for 2 to 24 hours sufficient for oxygen to diffuse 
from the surface region, and a second step at a temper- 
slurs of 550*C to 960*C for a time sufficient to nucleate 
defects, prior to cooling the wafer sect below 300*C. 

J. Eledrochem. See. 119(2). 02.0Z1972. pp. 255- 
265. D.I. Pomerantz: •Effects of Grown-in and Process- 
Induced Defects in Single Crystal Silicon* discloses 
thermal treatment earned out for fie purpose of exam- 
ining the distribution of defects Jn epitaxial lay em grown 
upon silicon wafers, comprising heeting at 1200 *C in 
dry oxygen for 1 to 7 hours. The thtrmaJ treatment la 
followed by rsmovaJ of the oxide and the growth of an 
epitaxial layer. 



Fig 3 ts a graph snowing the effect of preheat treat- 
ment on the ratio of acceptable products of sulffcientfy 
high oxide film dielectric breakdown voltage. 

Pig. 4 is a graph ehownng tht relation between the 
density of scaie-Uks patterns and the speed of crystal 
growth. 

Fig. 5 is a graph showing the relation between the 
density of scale-like patterns and tht ratio of acceptable 
products of sufficiently higti oxidt film dielectric break- 
down vofeagt. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBOOIM6NT 



BRIEF DESCRIPTION Of THE 0RAW1NGS 

Fig 1 is a graph showing tht effect of the tempera- 
ture of heat treatment on the density of scale-like pat- 
terns. 

Fig. 2 m a graph snowing The effect of ihe time of 
heet treatment on tht density of scale-like patterns 



In this invention, the heat treatment is given to a wa- 
fer which has been cut off a SI single crystal grown 
grown by the CzochraJski method at a speed of puM of 
not less than 0.8 mm/min. This invention, therefore, has 
s great significance in aJtowmg production of a Si wafer 
excellent in oxide film dielectric breakdown voltage 
characteristic from a SI single crystal grown at the fewest 
cost wist acceptable speed of not less than 0.8 rrvn/min. 
by heat-treating the wafer from the single crystal thereby 
obtaining elimination of crystal defects from the wafer 
Now, this Invention will be deeenbed below with ref- 
erence to the accompany rig drawings. 

Fig. 1 shows the relation between the density of 
crystal defects (scaJe-tike patterns observable by the se- 
lective etching method) and the temperature of haat 
30 treatment. It is dearly noted from the diagram that while 
a SI water having a small density of ecaJe-Jike patterns 
before the heat treatment has a small density even after 
the heat treatment, a Si wafer having a large density of 
scale-like patterns before the heat treatment acquires 
x an effective decrease of the density in consequence of 
the heat treatment performed at a temperature of not 
lower than V 1 50 X Fig. 2 shows the relation between 
the density of scale-Hke patterns and the time of the heat 
treatment at a temperature of 1,200 °C . From this dia- 
40 gram. It le clearly noted that even a SI water having a 
large density of scale-like patterns before the heat treat- 
ment acquires an affective decrease in the density of 
scale-like patterns in consequence of the heat treatment 
performed for a period of not lass man 10 minutes. 
4S In the light of the data described above, the temper- 
ature of the heat treatment must exceed 1.150 f C Fur- 
ther smce the upper limit of the working temperature of 
a quartz tube to be used for the heat treatment Is 1 ,280 
•C and since the degree of contamination increases in 
w proportion as the temperature increases, the tempera- 
ture of the h sat treatment contemplated by thie invention 
is limited to the range of from 1 , 1 50 B C to 1 ,280 - C, pref- 
erably from U50'C to 1,200 *C The time of the heat 
treatment is desired to be not less than 1 0 minutee, pref- 
ix erably to be m the range of from 1 0 to 1 20 minutee. No 
sufficient elimination of crystal defects is obtained if the 
time of the heat treatment is lees than 10 minutes. The 
neat treatment tends to impair the economy thereof if 
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this time exceeds 120 minutes. 

<EX*mpl#> 

Nov* this invention will be deechbed below wtth net- S 
ere^ce ro a vMorklng example. 

Example i 

Several silicon semiconductor single crysUJ bars to 
130 mm in diameter were grown by the Czochralekj 
method wtth the speed of pud varied bit ween 0.4 mm/ 
mln and 1.6 mm/mm These single crystal bars were 
invanabry pulled in the orientation of <100>. Wafers of 
a preserved thickness were cut out of each of the single " 
crystal bar with a diamond saw. The wafers ware fin- 
ished as poeehed wafers by having their surfaces ch em- 
icaJry polished. 

The Si wafers thus obtained ware subjected to the 
heat treatment and than etched tor 30 minutes by the 
selectto etching method to determine the relation be- 
tween the temperature of the heal treatment and the 
density of scale-tike patterns formed on the etched sur- 
faces. The results are shown In Fig. V tt is dearly noted 
from the diagram that even a wafer having a large dan- *s 
arty of scaio-ftke pattern* (abounding in cryetaJ defects) 
were depnVed of the scale-like patterns by the heat 
treatment at a temperature exceeding 1 ,150*0 , indrcat* 
ing thai the heat treatment brought about elimination of 
crystal defects. so 

Then, a wafer sample having a density of scale-eke 
patterns of Z 000/cm* was heat-treated at a temperature 
of 1 ,200*0 , to determine the relation between the time 
of the heat treatment and the density of scale-like pat- 
terns. The results are shown In Fig. 2. It is clearly noted as 
from the diagram that the heat treatment at 1,200 'C 
produced a notable decrease of crystal defects when 
the time of this heat treatment exceeded 10 minutes. 

Subsequently, the heat-treated SI wafer was tasted 
to determine the effect of the heal treatment upon the *o 
improvement of oxide film dielectric breakdown voltage 
characteristic in terms of the relation between the speed 
of crystal growth and the ratio of conforming products of 
sadsfactorify high oxide mm dielectric breakdown volt- 
age. The determination of the oxide film dielectric break- <* 
down voltage characteristic was carried out by forming 
100 elements in a given Si wafer and selecting as con- 
forming products the elements whose oxide films exhib- 
ited dielectric breakdown voltage exceeding 8 MV/cm 
For testing the oxide film dielectric breakdown vottago so 
characteristic, gate parte measuring 6 mm 3 in area and 
made of poly silicon were used The formation of an ox- 
ide film were earned out at 400* C for 1 00 minutes (in an 
atmosphere of dry oxygen). The oxide films had a thlck- 
neee of 250A The reeults are shown in Fig. 3 In the ** 
diagram, the circular marie (O) demotes a sample not 
undergone the heat treatment the triangle mark (A) a 
sample preheat*treaied at 1 100 *C for two hours (In an 



atmosphere of dry oxygen), and the square mark p) a 
sample prsheat-treated at 1 ,200 *C for two hours (in an 
atmosphere of dry oxygen). For a fixed speed of cryetaJ 
growth about of 1 2 nvrVmin., the ratio of conforming 
products with sufficiently high oxide film dielectric break- 
down voltage from the samples given no heat treatment 
was about 40%. In the case of the samples subjected 
to the preheat treatment ai 1,100 *C . the ratio of ac- 
ceptable products was 50%, indicating an Improvement 
of about 10% in the characteristic. In the case of the 
samples sub/acted to the preheat treatment at i .200* C 
the rate of acceptable products was 70%, indicating an 
Improvement of about 200% relative to the ratio ob- 
tained of the samples given no preheat treatment The 
samples given no preheat treatment and excelling in di- 
electric breakdown voltage characteristic gave a high 
rate of acceptable products of sufficiently high oxide film 
dielectric breakdown voltage without reference to the 
heat treatment, indicating that the Si wafers of this na- 
ture retained highly satisfactory oxide film dielectric 
breakdown voltage charactenstic even after a preheat 
treatment at a high temperature. It is now evident that 
in Si wafers produced at speeds of crystal growth faffing 
in a wide range, the heat freatment of this invention 
adapted to the qualities of the Si wafers is effective in 
Improving and unlformaation of the oxide film dielectric 
breakdown voltage characteristics of the 31 wafers. 

It is clear from the description given above that even 
from Si single crystals grown at a commercially efficient 
high speed of crystal growth, the heat treatment of this 
invention applied ae properly adapted allows production 
of Si wafers excelling in oxide Him dielectric breakdown 
voltage characteristic due to elimination of crystal de- 
fects. Consequently, this invention ensures production 
of LSI m a high yield 



CieJme 

1 . A method for heal treatment of a wafer cut out of a 
Si single crystal bar grown by the Czochralski meth- 
od at a speed of pull exceeding 0.6 mnVmin and 
not higher than 1 .6 mm/m«. at a temperature in the 
range 1150*C to 1260*0 for the purpose of obtain- 
ing a Si single crystal wafer with an improved coode 
film dielectric breakdown voltage; characterised by- 
determining, In aoVance, a first correlation be- 
tween the oxide fUm breakdown voltage and the 
density of scale-like patterns as obtained by se- 
lective etching of the wafer, and a second cor- 
relation between said density of scale-like pat- 
terns and ths time penod of ths heat treatment; 
end 

heat treating the Si single crystal wafer within 
said temperature range in an atmosphere of dry 
oxygen for a time period of at least 1 0 minutes, 
selected on the basis of said first and second 
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dieae Dichte for skaienahnlichen Musldr von nteht 
hoher a* 200 ZahlungeiVcm* nach der Wermebe- 
handkmg hat 



Revindication* 

1 . Methode da rrartement thermique d*une ga/acta de- 
coupee dans un ba/raau da Si monocristartn obta- 
io nu par tlrags seion ia precede CzochraiskJ a una 
vitaasa da frags i uperteure a 0,8 mrrvm*i mars ne 
oepaesant pas 1,6 mm/mJn. a una temperature 
compose antra 1150 si 1280'C. a/in cfootenir una 
galetle da Si monocnetaJlin ayarM una meilleure ten- 
«on dieJectriqua da claquage du film d'oxyda, ca- 
ract ansae an ca queue comprend : 
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la determination preatabie <fune pramiara cor- 
relation antra la tension dielectnqus da ctaqua- 
*° ga du film efoxyde et la dansit* das motifs an 

ecaillea obtanus par una attaque chimique se- 
lect** dt la gaJette at d*une second* correla- 
tion antra ladits denaite das motifs an ecaille* 
at la duree du traftement thermique ; at 

23 



corratationa such that tha Si singla crystal wafer 
has a denerty of scale- like partem* not retfar 
than 200 counta/cm* after tha beat treatment 
which is requirad to knprovs the oxide film die- 
lectric breattown voltaga to not lass than 8UV/ 
cm. 

2. Tha method tor heat treatment aa claimed fn Claim 
1 , wharem tha time period of the heat treatment ie 
selected on the baeie of said correlation such that 
a wafer having a density of scaJe-eka patterns be- 
tween 500 counts/cm* and 3000 courrU/om* in ad- 
vance of tha haax treatment has said density of 
scale-tike patterns no higher than 200 counta/cm* 
after tha heat treatment. 



Petentanepruohe 

1. Verfahren zur Wa/mebehandJung anee Wafers, 
das aua atnem SI Einknetaftatab hemuegaachninan 
wurda, dar durch das Czoch rale to- Verfahren mit at- 
nar Zertgeechwrafigjte* von mahr ais 0.8 mrrvmin 
und nichi hoher ais 1 .6 mrn/mJn bat einar Tempera - 
tur in dam Baralch von 1150'C bis 1280*C fur dan 
Zweck dar BareitstaHung etnas Si EinkrrsiaJIweJers 
mit ainar varbeeaertan oleJeJctrlechen Uberschlag- 
aparmung daa QxJdfiima gewachsan wurda; 
9*kenn2elehnet durch 

em* vomeroehanda Bee^mmong ainar ersien 
Wechseibezlehung zwtschen dar Uberschlag- 
apannung des Oxtdtllms und dar Dichte von 
skaJenahnltehen Muatem, die durch em selsk- 
trves Atzan daa Wafers erhaJten warden, und « 
einer 2weKen Vvecftaeibeziehung zwischsn der 
Oichta dar skalenehnechen Muster und der 
ZaKdauar dar Warmabanandtung; und 

sine Warmeoehandlung das 81 Einknstall- 4C 
wafers Innerhalb das Temperatures ra ichs In ai- 
nar Atmoaphare von trockanem Sauersioff 
Oberein Zekdauer von wenigstani lOmin.der- 
art auegewahrt auf dar Baals dar erst en und 
zweiten Wecheetalahungen, dad daa Si Ein. 4S 
kristallwafer sine Dichte dar skaJanahnJichan 
Muster von oteht hoher ais 200 Zahlungen/cm 2 
nach der Warmebehandlung hat, was erforder- 
i»cn tat, urn die dielektrische Oberachlagspan* 
nun 9 dee Oxidfiims auf nicht wenigar ala a MV/ so 
cm zu verbessem. 

2. Verfahren zur Warm ebehandrung nach Anapruch 1 , 
be! welchem d(e Zertdauer dar Warmabehandiung 
derail auf dar Baa* der Wechselbezlehung gewahtt ss 
wird. daft sin Wat sr mit einar Dichte der skaienahn- 
lichen Muelsr zwischen 500 Zahluno*n/cm* und 
3 000 Zanlungen/cm* vor der Warmeberianolung 



ie trartemem iharmlquo da la galena da Si mo* 
hocnstallm dans ladtte plage da temperature 
sous atmoephara cfaxygene sec pendant una 
duree cfau morns 10 minutes, choisis an fonc- 
tion daa prm^krg et seeonde correlations, de 
telle aorta qua la galena da $( monocnatalan ait 
una densite de motif 8 an ecaisee qui ne depas- 
se pas 200 unites / em 2 apras traifament ther- 
miqua, danaita requtae pour amailorer ia ten- 
sion diefactriqua da claquage du film d'oxyda 
jusqu'a une valeur tfau moins 8 MV/cm 

2. Mathode da traitamant thermiqua salon la revenrt* 
cation 1 . dans taqueite la duree du traiiement ther- 
miqua est ohoieie an fonction deeditea corraiations 
de telle sorts que, pour una gaJette ayant une den- 
site de motifs en ecaiiiee comprise entre 500 unites 
/ cm 4 et 3 000 unites / cm* avant trailement thermi- 
que, ladita dansita de motifs en ecailee na sol pas 
supeneur e a 200 unites / cm 2 apree traitement ther- 
mique 
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